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^|^:^^^>£ i.a ■ -^hXaaa n - :^^va c c I ne which' method ^compr i&'es -ianiini- 

^^^^*tfecin^ '^^^ as part cf the vaccination 



^/^^"^^^ tot protecting an animal a- 

Byndrome, or for enhancing the 
Immune reeppn^ an animal to a vaccine, or enhancing 

weight . gaia^^^ i^^ an animal, which composition comprises 

- : 

8. A method for protecting an animal against a 
8t.re6S*-induced syndrome, or for enhancing the immune 
response cf an animal to a vaccine, or enhancing weight 
gain in ah animal, which method comprises administering 
an ffective amount of IL-2 to the animal. 

16. A composition for enhancing the immune res- 
ponse of a human to a vaccine which composition compri - 
ses hIL-2. 
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ABSTRACT 
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^7^; Vfe^^ enhancing 

■ v:^ to a vaccine, oc en- 

^^^^^ ^^^^^^ employ IL-2 as 

XO caSfa^tive -ingrj^ia are described. 
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COMPOSITTON AND METHOD FOB TREATING ANIMALS 

Description 

^^ T^ehnical Field 

• v relates to new uses foe inter- 

I?ie\i1cin-2 (IL-2) in the field of veterinary medicine. 
vVloze particularly, it concerns using IL-2 in controlling 
; stress-r^ in animals, or in enhancing the 

iimmune response of animals to vaccines, or in enhancing 
i_ weight gain in animals. 

' VfiaeVca round 

. Stress-related D iseases 
. Liyestod* food animals, particularly cattle. 

S are adversely affected by shipment and feedlot condi- 
tions. which" involve stress from overcrowding, weaning. 
i£^;tcan8poJt. sometimes severe weather, and. in general, a 
i|l^ii-ia tur a 1 environment. One syndrome, commonly known 
SSva^ #hl^ is sometimes also designated "bo- 

f disease syndrome", or BHDS. It is a 

complex of disease symptoms rather than a specific di- 
sease, and is characterized by immune suppression and 
propensity to succumb to infection by one or more viral, 
or bacterial pathogens. 

Other animals are also subject to adverse re- 
actions to stress. For example, pigs, while ordinari-y 
not shipped in the manner of cattle, can suffer negative 
-respiratory reactions to weaning or just to poor wea- 
ther. Again, the symptomatology does not lead itself to 

xperimental models. No general treatment for stre.:- 
related disorders in livestock has been found. sicY. 
animals are typically treated with antibiotics . 
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: R several commeccial entities have offered inter- 

f^con preparati ns Cor treating shipping fever. 

7> V- Vaccine Adjuvan ts 

>5 V The use of vaccines to prevent diseases in farm 

aniaals and household pets is a common 

j' :; pract and considerable effort has* been. and is 

being, made to extend this practice to cover a more ex- 
tensive array of diseases to which these animals are 

10 subject. For example, the use of rabies vaccine in ani- 
mals is by now commonplace, and efforts are being made 

:?^v to obtain suitable vaccines to immunize animals against 
other diseases. 

p'r^' ' One problem that frequently is encountered in 

IS the cours^^S"^ of active immunization is that the antigens 
ry- • ■ used in tlie Y^ccihe are not sufficiently immunogenic to 
' raise the antibody titer to sufficient levels to provide 
protection against subsequent challenge or to luaintain 
£ the potential for mounting these levels over extended 
20 periods* Another problem is that the vaccine may 

T ; be deficient in Inducing cell-mediated immunity which is 
a primary immune defense against bacterial and viral 
infection. Notorious among such "weaK" animal vaccines 
are those constituted from inactivated Haemophi lus 
25 pleuropneumoniae (Hpp) (which is associated with res- 
piratory disease in pigs). 

In order to obtain a stronger humoral and/cr 
cellular response, it is common to administer the vac- 
cine in a formulation containing an adjuvant (immuno- 
30 potentiator), a material which enhances the immune res- 
ponse of the patient to the vaccine. The most commonly 
used adjuvants for vaccines are oil preparations and 
alum. The mechanicms by which such adjuvants function 
are not understood. and whether or not a particular 
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adjuvant pc paration will be sufficiently effective in a 
given instanc is not predictable. 

Animal Weight Gain 

Extensive efforts have been made to encourage 
weight gain in animals being raised for food. Methods 
which are safe and effective tend also to be expensive, 
such as increasing the quality of the nutrition of the 
ubject animal. Therefore, attempts have been made to 
short circuit this direct approach by supplying hormones 
or other substances which cause metabolic changes in the 
animal to allow it to utilize its normal foodstuffs more 
efficiently. Oae example is the use of diethylstyl- 
besterol -CI>ES) to increase the weight of turKeys and 
cattle i while DEC is apparently quite successful in 
effecting the weight increase, it has the serious disad- 
vantage that residues remaining in the meat or other 
commercial product derived from the animal ace suf- 
ficient to cause problems in the consumer population. 
Therefore.- extensive regulation has been instituted to 
control the use of such additives. 

Another example is the use of antibiotics in 
feed to reduce subclinical infection and disease and 
thereby improve the genercl health of the animal and its 
likelihood of gaining weight. The problem with such use 
of antibiotics is that they may give rise to resistant 
populations of organisms in the animal which may then be 
passed on to human consumers in the food chain. Control 
of infection by such resi.'itant organisms with antibio- 
tics would not be feasible. 



Human IL-2 (hIL-2 > RinlRgical Activity 
There is considerable background information 
available with respect to the biological activity of 



hIL-2 can be obtained from the supernatant of 
concanavalin-A (ConA) Btimulated spleen cells or. pre- 
sently, using recombinant technology, and has several 
measurable activities in vitro . First, it is a T-cell 
growth factor as measured by, for example, thymidine 
uptalce when hlL-2 Is added to cultures of cytotoxic or 
helper T-cell lines. It is mitogenic with respect to 
adult thymocytes, and stimulates a cytotoxic cell res- 
ponse (e.g. . lymphokine-activated-killer (LAK) cell) . 
It has also , been shown to replace helper T-cells in 
a thymic murine spleen cell caitmes (Watson. J., et ai. 
Immune logical Rev (19C0) 51:257-278) . Specifically, in 
the |»resence cf IL-2 and antigen, specific T helper 
cells are generated which are able to contribute to 
antibody responses. Presumably this occurs because 
hlL--2 is involved in the antigen-dependent maturation ot 
h^^lper T-cells in these nude mouse spleen cultures. 

IL-2 has also been shown to directly affect B 
cells in vitro . Both proliferation and IgM and IgG se- 
creTtlon'^^ enhanced by IL-2 in populations of purified, 
activated (Mingari. M.C.. et al.. N ature (1984) 

312 :641: Mittler . R. . et al. . J> Immunol, (1985) 134 : 
2393--2399: Muraguchi. A., et al.. J. Exp, Med. (1985) 
161 :181-197) , 

How these in vitro activities translate into a 
specific in vivo mechanism for mounting an immune de- 
fense is not clear. However, with respect to such in 
vitro studies^ cross-reactivity among species of various 
IL-2S has been studied. For example, Redelman, D. . et 
al. J Immunol Meth (1983) 56>:359-370) show that hIL-2 
supports activated T lymphocytes derived from rabbit and 
mouse to approximately the same extent as they are sup- 
port d by the endogenous forms of IL-2. Ruscetti. 
et al. Blood (1981) 57:379-393 were the first to 
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demonstrate the ability of hIL-2 to behave as a growth 
^^^^ } °^^y c human T-cells. but also p ripheral 

\ ^'^^^$<^0TI^<>c^^ from other primates. 

Pi9. cat. rat. anG mouse. Carter, j.. et 
;" S .^1 r( r^4|:y50C (laas) 44:1290) disclose the ability of 
hlL-SjI^o-venhance the development and maintenance of bo- 
vine cy to lymphocytes in vitro . 

,ffiy^°y'^^' M-V. . et al. J Bio Resp Mod (X985) 4: 
96-109 reiports in vitro lymphocyte proliferation studies 
10 that Jcomvared the activities of native hIL-2 and a re- 
^ ^^^'^^^If^ of hIL-2 on human and aniaal lympho- 

cytepi The native lL-2 and recombinant il-2 exhibited 
^^B*^^^^'^^^ ®^ activity on animal cells. 

. Some in vivo data are also available. The ac- 
15 tiyil^yJeof IL-2 in vivo has been shown to restore immuno- 
^^^^Ptf?"**-* ^^^^ ttice in response tr^ heterologous ery- 
throcytes (StCtter. H.. et al. Eur J Immunol (1980) 10: 
^^^"-'-^.f-' There is information concerning crose-species 
*^ S.G.. et al. J Immunol 

C19Bfej^|3r:3333. disclosed the ability of hlL-2 to" re- 
c<>n«|j^^Ui|^8pleeu cell responses in mice infected with a 
P*':**^I^P?^'*»^®^®3n. and Farrar. J.J.. et al. Imrounol 
V^^?> *3:158. showed that in vivo injectior. of 
stimulates the splenic T-cells in nude mice. 

In summary, it is known that hIL-2 behaves in 
some manner in vivo to mediate a successful immune ros- 
ponse. including a response to a specific antigen, and 
in — vitro studies have shown that cross-species reac- 
tivity of hIL-2 is very diverse (prior in vivo ccoss- 
30 species studies have involved only murine subjects for 
hIL-2) . 

However, because the nature of IL-2 activity iji 
vivo is not completely understood and because the mech 
anism of involvement of IL-2 in the immune response is 
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not undetstood, it id n t. at this time« possible to 
predict its effect on particular diseases, other thera- 
peutic or prophylactic reglmens« or metabolism. Accord- 
ingly « there Is no suggestion in the art that hlL-2 
would successfully mitigate the incidence of stress- 
related syndromes in livestock* enhance the efficacy of 

vaccines, or ienhance weight gain in animals. 

' • - ' - . . . • . ■" ' « 

Disclosure of the Invention 

One aspect of the invention is a composition 
for protecting an animal against stress-induced syn- 
dromes, or for enhancing the immune response of an ani- 
mal to a vaccine* or enhancing weight gain in an animal, 
which composition comprises IL-2. 

Another aspect is a method for protecting an 
animal against stress-induced syndromes, or enhancing 
the immune response of an animal to a vaccine, or en- 
hancing weight gain in an animal/ which method coraprises 
administering an effective amount of IL-2 to the animal. 

When used :ds a vaccine adjuvant, hIL-2 is ef- 
fective oh hum^^ well as animals. Accordingly, an- 
other aspect of the invention is a composition for en- 
hancing the immune response of a human to a vaccine 
which composition comprises hIL-2. In terms of a meth- 
od, this aspect of the invention is a method for en- 
hancing the immune response of a human to a vaccine 
which method comprises administering hIL-2 to the human 
as part of the vaccination regime. 

Brief Description of the Dcawinqs 

Figure 1 shows the amino acid sequence -^t hIL-2. 

Figures 2A and 2B are dose-ceBponse curves 
showing the results of the lymphocyte proliferation 
t sts described in section C-1 of the examples, infra 



. Figure 3 shows the effect of hIL-2 on biasrcgenesi s of bovine ancj 
^^porclne T-lymphocytes . 
^ Modes of Carrying Out the Invention 
|A. Definitions . 

As used Herein, "hIL-2" refers to a polypeptiae evhicir^n^ the 
-^spectrum of -^ctivrtles characterizing this protein. Spec ficsHy. t?^e 
■'protein must, be capable of stimulating the proliferation ml-2 deoend^Tt 
Cytolytic and helper T cell lines, as set -o-th ^ -! tne stic-r- ajsav^ of 
GilHs. S. et al.. J ImiTtunol (1978) 120:2027-2032 and cr" Watson. ?. J E>o 
■•Med- (1979) 150:1510-1519. The amino acid sequence of nat-.-e nl^-Z is snown 
V.Iti Figure 1.; This primary, amino acid sequence ;T»ay be octa-red as the native 
.protein from natural sources or may be recomoi nantly aerived. Other primarv 
•^sequences of modest modification including deletion, aucit^or. substitution 
/.or.. alteration amino acids of the sequence shown, wnich do not resuU 

;.in serious impairment of activity are, of cour:e. incijcea in the 
definition. For example, it is establishes tnat rep ) aceme-.t the •;yite'--!e 
at position. 125. wi th a neutral amino acic results in a T.ute^r supe-igr 
"stabi 1 ity and'satisfactory '-eactivity. (See J.S. Patent Nc. 5'8,5ft4: 
^oyle. M.V.. et al. supra.) 

: like any other protein, may s.'isr in neutral o- in 

|;:salt form, and may contai n associated nonprotein moieties in me nature of 
■::/iglycosy1atiQn,:';phosphorylation. or acetylaticn. These mca^-'^ca-ions . too. 
are Included 'in the definition so iong as oioiogicai a:t'. = T.. • "c: 
destroyed thereby. 

The word "lL-2" herein also induces covine 11-2 a: ce-i-'-oea cy 
Cerretti et al . . P.N.A.S. . S3; i223--322; (1966). 

As used herein the te'-m "stress-induced i.vncrome' re*?- i re a state of 
immunosuppression in wh'cn 
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an .animal has a propensity to succumb to infection by 
on or more bacterial or viral pathogens, lose weight, 
or exhibit general ill health. 

;> "Shipping fever** or "bovine respiratory disease 
5 syndrome** CBRDS) Is defined as negative symptomatology 
including depression/ immunosuppression, weight loss, 
respiratory problems* viral or bacterial infection, and 
general ill health and death which are associated with 
the transportation of cattle to. and the maintenance of 
10 cattle on. feedlots- The disease is defined in terms of 
epidemiology rather than in terms of a model which des- 
cribes^ the course of an infection or specific - set of 
netabolic parameters. The criterion for effectiveness 
against this disease is the maintenance of healthy ani- 
15 mals faced with the specific conditions associated with 
shipping stress and feedlot maintenance. Certain para- 
meters of the disease are recognized. It is character- 
ized by an abrupt oneet. usually within two weeks of 
Stress, and the symptoms may include dyspnea, cough. 
~20 ocular and nasal discharge, inappetance and rapid weight 
lossi^ i^^^^^ increased lung sounds, and general depres- 

sion. Various bacteria and viral cultures have been 
isolated from affected animals, including Pasteurella 
spp . Haemophi lus spp . infectious bovine rhinotrachei t is , 
25 parainf luenzavirus. and bovine respiratory syncytial 
virus. The disease typically affects 40-50% of exposed 
animals and the resulting deaths are typically 2-5% of 
the exposed population. 

As used herein. the term "adjuvant" aas its 
30 conventional meaning, i.e.. the abilicy to enhance the 
immune response to a particular antigen. Such ability 
is manifested by a significant increase in 
immune-mediated protection. Enhancement of humoral 
immunity is typically manifested by a si^nifican:. 
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Increase (usually > 10\> in the titer of antibody raised 
to th antigen. 

General Method 

5 The formulations of the invention are mcst con- 

veniently administered by intramuscular injections or as 
sustained release compositions although other methods of 
administration are possible. Specific formulations to 
prevent hydrolysis during digestion would be necessita- 

\0 ted for oral formulation, and intravenous injections are 
generally uneconomic due to the skill level and care 
required in the administration. Therefore, formulations 
suitable for intramuscular injection, especially sus- 
tained release formulations, are preferred. 

15 Standard formulations are either liquid inject- 

ables or solids which can be taken up in suitable liq- 
uids as suspensions or solutions for injection. Suit- 
able excipierrs are, for example, water, saline, dex- 
trose« glycerol, and ethanol. Nontoxic auxiliary sub- 

20 stances, such as wetting agents, buffers, or emulsifiers 
may also be added. One specific useful formulation con- 
tains an effective amount of detergent, such as 0.1\ 
sodium dodecyl sulfate (SDS). to effect solubility and 
bacter iostasis . 

25 A variety of techniques are known in the art to 

effect long-term stability and slow release. For ex- 
ample, stability and half-life of hIL-2 are enhanced by 
coupling it to a hydrophilic polymer such as polyethyl- 
ene glycol (PEG). This P2G-hIL-2 complex, called "PEG- 

30 ylated" hIL-2. is particularly useful for administering 
a single sustained action dose of hIL-2. 

Sijstained and continuous release formulations 
are of considerable variety, as is understood by those 
skilled in the art. An exemplary composition for bus- 
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tained releaa parenteral administration is an inject- 
able microcapsule formulation that with a single injec- 
tion will deliver recombinant hIL-2 or soluble foras of 
hIL-2. such as PEGylated hIL-2. at a controlled rate of 
about 10 to 10^ vnits/kg/day (pure hIL-2 has a spe- 
cific activity of about 3-6 x lo^ u/mg). The micro- 
capsule formulation is a free-flowing powder consistinq 
of spherical particles 20 to lOO uir. in diameter that 
can be injected intramuscularly or subcutaneous ly with a 
conventional hypodermic needle, and the microcaps-.iles 
consist of 0.5 to S\ hIL-2 encapsulated in poly(Di.. l2..2v- 
: ide-co-glycolide) (DL-PLG) excipient. a biodegradable, 
biocompatible polyester. Alternative standard formulii 
..tions for sustained release are also usable. 
•^5 When used as a vaccine adiuvarit, the h:L-2 vi : l 

normally be administered separately from the vaccine, 
although it may. in some instances, especiaily in sus 
tained or continuous release forms, be admlnisteiei i :. 
combination with the vaccine. When h:L-2 is. combined 
with the vaccine, the composition administered contair.s 
an immunogen that is effective in eliciting a specific 
response to a given pathogen or antigen, a pharmace 
cally acceptable vaccine carrier and an immuncpote 
ting amount of hIL-2. A preferred regimen is to adrcini- 
6ter the hIL-2 continuously until S to 30 days, preter 
ably 5 to 14 days. post-vaccination at levels aoove 
about 10^ and below about lO* units,' kg/day. Th~r 
term "continuously" is intended to denote true contin-.; 
ous administration, suoh as is achieved via a sue r. a . .- e 
release dosage form as well as a multiplicity ot inter- 
mittent administrations of niL-2 (or ennaaced haif-l;:.r: 
forms of hIL-2 such as PEGylated hIL 2, tj-ij,?, prcviirf 
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pharmacokinetic pattern that mimics that achieved by 
true continuous administration. Data generated to date 
using dally intramuscular injections indicate a 
preferred dose is 10* to io^ units/kg/day • The 
5 vaccine will normally be administered per manufac- 
turer ' s instruct ions . Other adjuvants may be admini- 
stered either with the vaccine or together with the 
hIL-2/ 

The hlL-2 will typically be used to enhance the 
10 protection afforded by animal or human vaccines that are 
considered ; «weaK" (i.e.. provide diminished protection 
in terms of level, extent, and/or duration). Examples 
of such vaccines are bacterins such as Bordetella bac- 
ter in. Escherichia coli bacterins. Haemophilus bacter- 
15 ins. Leptospirosis vaccines. Moraxella bov is bacterin. 
Pasteurella bacterin and Vibrio fetus bacterin and at- 
tenuated live or killed virus products such as bovine 
respiratory disease vaccine (infectious bovine rhino- 
tracheitis, parainfluenza, respiratory syncytial virus), 
20 bovine virus diarrhea vaccine, equine influenza vaccine, 
feline leukemia vaccine, feline respiratory disease vac- 
cine (rhinotracheitis-calici-Piieumonitis viruses). ca- 
nine parvovirus vaccine, transmissible gastroenteritis 
vaccine, and pseudorabies vaccine. 
25 The regime of hIL-2 administration for protect- 

ing animals aqainct shipping fevec will depend on the 
conditions of shipmeiit and the feedlot. It is preferred 
that administration be continuous and be begun prior to 
shipment or at least as early as arrival on the feedlct 
30 and be continued over a period of. for example. 14-30 o: 
more days. Again, the term "continuous" is intended to 
denote true continuous administration, sucr* as ic 
achieved via a sustained release dosage forn* as well as 
a multiplicity of intermittent administrations of 
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ii:^hIL-2 Coi^ ^^^^^ forms of txIL-2 such as 

0^:PEGylated;!xiiIL-5) that provide a pharmacokinetic pattern 
^^Xhat '^^^^ that / achieved by true continuous 

M administratibh^^ range of above about 

i^jlb :2an^ about % 10 . units/kg/day. preferably 

§^ about t^lOj:^-'^^ : units/kg/day, are generally used. 

J^ihVc^ above about 10^ units/kg/day began to 

' cause undeslra^ 
M r \ X V^^S^^^^^^ ^ ^ stock stress-i ndu ced or respira- 
yW^tory ; disitres regime and amounts admini- 

on the nature and size of the animal 

(e.g;^#^^ sheep, etc.) and on the severity of 

^ntheVsymipt is likely, however, that the effective 

^Kfdoi^e for^^^ be in the same (on a unit 

sWw^ that used for shipping fever, 

v^f 1: v by itself or as a 

supplement 't .vaccines used to protect against stress- 
^,^: relafited fdisea 

to enhance weight gain, the lL-2 is 
9^?i typicalJ^ tot prolonged periods (e.g.. 

.Kthr'oughxi^ feeding schedule for the animals). The 

: dOBe. for this use will normally be in the range of 

.10 to UO units/kg/ day. 

5 cl Examples . 

The following examples are intended to further 
support or illustrate but not to limit the invention. 

C.l. In Vitro Activity 
0 In vitro activity with respect to bovine and 

porcine peripheral blood mononuclear cells (PBMC) has 
been shown for recombinant hIL-2 (Feng, Susan, et al. 
Vet: Immunol and Tmmunopathol (1986) 11^:91-100). The 
hIL-2 used in this work is designated des-alanyl- 
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i^ rlL-Z Ui. lacKs an initial alanine, and has a ser- 

than a cysteine af position 12S. It was 
SPeiii^ : &*'bW ..itcgenic £oc ^inactivated bovine ana porcine 
iiii ta be able to>iaintain the long-term growth of 
5%oni-2ctivatea^^^:P^^^ frp» both . species . Figures 2X and 
ruii^^^^i^^m^^^' s^c^.i-'^^ tbe aose-response of ConA-activa- 
-'::r^-t^^i^in^-'(z,0 ana poccine (2B) PBHC to des-alanyl-rlL- 
: 2^^^^;^ ■ M and porcine PBMC preincubated 

serl25 - , , o for 1-5. days showed en- 

with .deB-alanyl-rIl.-2ggjj^25 tor 15 ay 

h-> hanied cytotoxicity against tuiaor cell targets. 

■ ■ ■ ?^-.daltio». Stott. J.l... et al (in press) have 

shown.that bovine and porcine peripheral blood ly.pho- 
%"cy«r''were^^ r recombinant IL-2 ^in 

V ly„puicyte blastogenesls assays. Blastogenesls was de- 
,S terLned by incorporation of ^^--^Z^^^^,: 
pnlse) m 4-day lymphocyte cultures, and the results 
\ -w. 1— r^r rho neometric mean tG ) oi 

■ expressea «» >-"■= '■"^xo " , slotted bv 
^ disintegrations per minute (DPM) /culture and plotted by 

fc nonllhear regression .analysis as ^'"^ 
io Mitogen dilution and concentration of hlL-2 in units are 
' sh«« o^-be X-axls. These results show that the effect 
Of hII.-2 on bovine and porcine cells Is comparable to 
that Shown by the plant lectins and ConX. which are 

Known to stimulate blastogenesls. 

C 2 °~/.nri»tiop r..ll-Medii.rPd Immunity 

• • si^ce respiratory diseases are predominantly 

controlled by the cellular (T-cell) Immune system, the 
abUity Of hIL-2 to boost the cellular immune response 
30 m livestock is indicative of its effectiveness agains 
these symptomologles. IIL^ Iniections of recombinant 
lT-2 produced elevated levels of lymphocyte bl.sto^ene- 
sis in the blood of calves. 



Specifically, eight calves weighing 135-225 kg 
(3-5 months old) were candomly sorted into 4 groups of 2 
each which received weekly injections for one month as 
foilows: Groups ; 2. and 3 received 10 . 10*. and 
,10 / units / Kg . respect ively * int r aiauscular ly ; g r oup 4 
received only excipient. The animals were assessed for 
lymphocyte stimulation. The results show that resting 
lymphocyte activity was elevated by the recombinant 
hlL-2 treatment as determined by blastogenesis assays 
performed prior - to each inoculation over the period in 
calves receiving 10^ and 10^ units/Kg only. For 
calves receiving 10^ units/kg. lymphocyte activity 
returned to normal within two weeks following the last 
lL-2 :adminl6tratlon; 10^ units/kg-injected calves re- 
mained elevated at that time . 

C . 3 . Treatment of Shipping Fever 

Two hundred heifers were purchased from several 
■different Bources in Tennessee and transported to a re- 
search feedlot in Colorado. The average weight of the 
animals was approximately 180 Kg. The animals were 
segregated randomly (weight and breed) into four groups, 
designated I through. iV. 

Recombinant . hIL-2 (des-alanyi-tIL-2p^j.^25^ 
was formulated in 0.05% SDS and admiristered intramuscu- 
larly to the animals upon entry to the feedlot. All 
animals were treated dally, five times per week, for two 
weeKs. The dose protocols for the four groups were as 



follows 



Group TL-2 Dos e (u/kg/day) 

I 2 X 10^ (high dose) 

3 

II 2 X 10 (mid dose) 

III 2 X 10^ (low dose) 

IV control (diluent) 
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fe?^ ^The animals :4id not receive standard BRDS-related vac- ' 
cination. ; ■ chance, subjected to severe 

6noW and CO their first days on the 

4^?^^^:&fee placed on silage feed 

si t early ^^^^^ animals was observed on a 

^ftvv^^d^ blind to experimental treat- 

. The animals were weighed at regular intervals. 
■'■\--Tahl& 1 reports the results of the treatment as of day 
;?V''-;:;.X-21.'- ■; . ; \ . V".' 

Table 1 

■■"'!""■";•"■■ Mortality . " \" 







Number Dead / 


Total 












Controi 


21 / 50 














J - 

Low Dose 


20 / 50 




P 




0. 


839 




Hid Dose 


2 6/50 




P 




0 . 


316 




High Dose^ 


14/50 




P 


as 


0. 


142 


20 


Incidence of Disease 
















Number 


Sick or Dead / 


Total 












Control^ ■ 


43 / 50 














Low Dose 


42 / 50 




P 




0 


.779 


25 


Mid Dose 


43 / 50 




P 




1 


.000 




High Dose 


38 / 50 




P 




0 


.202 



30 
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Severity of Disease 

Average Daily Severity Score of Group 
(Score 0-3; Death - 4) 



Control 


1.76 






Low Dose 


1.79 


P 


- 0.950 


Mid Voee 


1.93 


P 


- 0.395 


High Dose 


.1.38 


P 


« 0.052 



10 

Mbrbidity and mortality rates during the study were 
higher than expected. As reported some groups showed 
85\ morbidity and 50% mortality- Sickness was observed 
as early as two days into the study. Several factoriB 

15 may have been responsible for the extreme severity of 
BHDS seen in this study: the severe snow and cold wea- 
ther; the animals were 'light-weight' (400 lbs avg) and 
•thin-skinned' (from Tennessee): groups had been 'put- 
together* from several sources (thus. they were not 

20 Afresh* and many had seen several salebarns prior to 
shipping to Colorado); and the animals were placed on 
silage feed early on. and may have been eating poorly. 

In the clinical judgement of the personnel ob- 
serving the health of the animals, the high-dose IL-2 

25 group consistently "looked better". This is supported 
by the data in Table 1 in which the high-dose IL-2 group 
showed a consistent trend towards decreased mortality; 
decreased incidence of disease: and decreased severity 
of disease. 

30 In all cases. the high-dose group performed 

better than the control group. Althou'jh the statistical 
significance of these differences (p-Vv%lue), is marginal 
(using the strict definition of p < COS), all results 
are consistent. 
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Addltional measures not presented in Table 1 
also supported the trend toward efficacy in the highdose 
IL-2 group^ For instance, animals in the high-dose 
group which died, did so later in the study than did 
control animals. 

As of day 21, there were no differences in the 
average weight of surviving animals. There weri*. how- 
ever, significant differences in the total pay-weight 
per group, since more animals survived in the high-dose 
group, 

C.4. Effectiveness as an Adjuvant in Porcine Vaccine 

Recombinant hIL-2 was shown to enhance the ef- 
ficacy of an inactivated Hpp bacterin using 12 feeder 
pigs divided into 6 groups of 2 pigs each- Group 1 was 
an hIL-2 adjuvant control: group 2 was a bacterin con- 
trols group 3 received iO"^ units hlL-2/Kg as a single 

injection on days 0 and 21: group 4 received 5 daily 

3 

injections of 10 units/kg each following each vac- 
cinavioh: group 5 received 1 injection of 10 units/kg 
on days 0 and 21: and group 6 received 5 daily injec- 
tions of 10 units/kg each following each vaccina- 
tion. 

The pigs in groups 2-6 were administered forma- 
lin-inactivated Hpp emulsified in an oil adjuvant intra- 
muscularly in the neck muscles on days 0 and 21. The 
pigs in all groups were challenged on day 41 intranasal- 
ly with serotype 1 Hpp and were killed on day 71 and 
autopsied. Lung area affected was determined visually 
with particular attention given to lung lesions. The 
pigs were weighed periodically during the 71 days 
with weight gain being an indication of general state of 
health. The results were as follows: 
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Avecage Rate of Body 
Autopey Weight Gain (kg/day) 

Group c\ Luno Area l^ffected) Days 0-41 Pays 41-71 



10 



1 
2 
3 

5 
6 



24.57\ 0.69 0.30 

6.100\ 0.69 

25.58\ 0.62 0.27 

12«12\ 0.5S 0.86 

13.19\ 0.62 0.39 

0,0\ 0.58 0.88 



*pig died 5 days after challenge 



AS shown by these results the groups that received daily 
post-vaccination injections of hIL-2 (groups 4 and 6) 
exhibited substantially higher weight gain post- 
" challenge than did the groups treated otherwise. These 
results. also show a significant reduction of lung path- 
ology in groups 4 and 6. indicating increased protection 
against challenge provided by the daily administration 
of iilL-2 in the vaccination regimen. All animals showed 
high antibody titers against Hpp after challenge. 

A second study was carried out to confirm the 
ability of bIL-2 ldes-alanyl-rlL-2g^^^2^) to act as an 
adjuvant to Hpp vaccination. The protocol for the sec- 
ond study was similar to that of the first study des- 
cribed above: animals were vaccinated with/without 
hIL-.2 treatment and subsequently challenged with viru- 
lent Hpp. Principal measures of efficacy included cli- 
nical signs following infection, weight gain following 
infection, and the extent of lung involvement at necrop- 
sy. The results of this second study are tabulated be- 
low. 



30 



Ave. Percent Ave. Daily Weight Gain 

Lung Affected (Kg/day) 
Group (N ) Kecropsv Pre-Challenge Post-Challenge 

Control (2) 34 0.37 0.31 

Hpp Alone (3) 19 0,34 0.62 

Hpp ♦ IL-2 (3) 01 0.29 0.84 

105 u/Kg daily 

Hpp ^ IL-2 (2) 00 0.43 0.75 

10* u/kg daily 



10 No Challenge (2) 



0.36 0-83 



The data from the second study confirm the efficacy ob- 
served at 10^ u/kg/day hIL-2 in the first study and 
extend these findings to the lower dose of 10 xi/Kg/ 
" day. protection at an IL-2 dose of 10* u/kg/day was 
comparable to that observed at the higher dose. 

C.5. Effectiveness as an Adju vant in Dogs 

Dogs were injected with Keyhole limpet hemocya- 
nin. CKLH) at the time of initial hIL-2 treatment and 7 
days subsequently at the start of 5 days of (daily) 
hIL-'2 treatment. Enzyme-lihKed imnunoabsorbent assays 
(ELISAs) were performed on sera taken from the dogs, to 
measure antibody response to KLH. A significant, dose- 
dependent increase in IgG antibody against KLH was ob- 
served in the IL-2 treated dogs. The increase was spec 
ific to the KLH immunogen used. 



20 



25 



30 



C . 6 . Effectiveness in Increa sing Weight Gain 

The effect of recombinant hIL-2 administration 
at various doses and schedules, on the weight gai.n o 
young pigs being raised in a normal environment is snow 
by the following tests. 
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Forty-eight weaned pigs. 15-20 Kg. in normal 
health ate divided into eight gcoupe of six each. hIL-2 

oc control c mpositions ace administered intramuscularly 
to the pigs as follovis. 

Group Dose Regimen 

1 Low Dose once weekly for four weeKs 
(103 U/kg) 

2 Mid Dose once weeKly for four weeKs 
(10* U/Kg) 

• 3 High Dose once weekly for four weeKs 
(10^ U/kg) 

4 Low Dose daily for five days in each 
(2 X 102 U/kg) of four weeks 

5 Mid Dose daily for five days in each 
(2 X 10^ U/kg) of four weeks 

6 High Dose daily for five cays in each 
(2 X 10^ U/kg) of four weeks 

7 '^xcipient con- daily for five days in each 

trol" at high of four weeks 

; ; dose level 

8 Saline control once waekly for four weeks 

Individual weights at time 0 and weekly through 
6-8 weeks are measured. Feed consumption and clinical 
impressions of illness are also recorded. Animals re- 
ceiving hlL-2 have a significantly larger weight gain 
and are generally healthier than the animals of the con- 
trol group. 
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CLATM S- 

ThG claims dotining the invont'on are as fcilovvs: 

1. A composition for protecting an animal a- 
S gainst a stress-induced syndrome, or for enhancing the 
immune response of an animal to a vaccine, or enhancing 
weight gain in an animal, which composition comprises 
IL-2. 

. 2. The composition of claim l wherein the lL-2 

is hIL-2. 

3. The composition of claim 2 wherein the 
hIL-2 is a water-soluble form of hIL-2. 

15 

4. - The composition of claim 3 wherein the 
hIL-2 i4-SiPEGylated hIL-2. 

I* 

5. The composition of claim 2. 3. or 4 wherein 

20 the hIL-2 is des-alanyl-r IL-2 

? setl26 • 

^* composition of claim l. 2. 3. 4. or 5 

Wherein the IL-2 is in the form of a continuous release 
formulation. 

25 

7. The composition of claim i. 2. 3. 4. or s 
wherein the IL-2 is in the form of a single sustained 
action formulation. 

^- ^ method for protecting an animal against a 
stress-induced syndrome. or for enhancing the immune 
response of an animal to a vaccine, or enhancing weight 
gain in an animal, which method comprises administering 
an effective amount of IL-2 to the animal. 
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9. The method of claim 8 wherein the IL-2 is 

hIL-2. 

IQ. The method of claim 9 wherein the hIL-2 is 
5 a water-soluble form of hIL-2. 

11. The method of claim 10 wherein the hIL-2 is 
PEGylated hIL-2. 

■^Q 12. The method of claim 9. 10. or 11 wherein 

the hIL-2 is des-alanyl-rIL-2g^^^25- 

13. The method of claim 8. 9. 10. 11 or 12 
wherein the IL-2 is in the form of a continuous release 

15 formulation. 

14, The method of claim 8. 9. 10. 11 or 12 
wherein the IL-2 is in the form of a single sustained 
action formiilation. 

20 ■ 

.' 15. The method of claim 13 wherein the lL-2 is 

administered continuously at a rate above 10 and be- 
low 10* units/Kg/day . 

25 16. A. composition foe enhancing the imtuune res- 

ponse of a human to a vaccine which composition compri- 
ses hIL-2. 

17. The composition of claim 16 wherein the 
30 hIL-2 is a yatet-soluble form of hIL-2 . 



le . The composition of claim 17 ur.ereir. th- 
hIL-2 is PtGylated hIL-2. 



19. The composition of claim 16. 17. or 18 
wherein the hIL-2 is des-alanyl-r IL-2 

6 e r 1 ^ 5 

20. The composition of claim 16. 17. 18 or 19 
wherein the IL-2 is in the form of a continuous release 
formulation. 

21. The composition of claim 16, 17. 18 or 19 
wherein the IL-2 is in the form of a single sustained 
action formulation. 

22. A method for enhancing the immune response 
of a human to a vaccine which method comprises adT.ini- 
stering hIL--2 to the human as part of the vaccinarion 
regime . 

"23:- The method of claim 22 wherein the nIL : is 
a water-soluble form of hIL-2. 

24, The method of claim 23 wherein the hIL v£ 
PEGylated hIL-2. 

25. The method of claim 22. 22, or 24 wnerein 

the hIL-2 is de6-alanyl-rIL-2 .ter- 
ser 12b 

26- The method of claim 22, 23. 24. or 25 
wherein the IL-2 is in the form of a continuous release: 
formulation . 

27. The method of claim 22, 2i, 24. o: 2i 
wherein the IL-2 is in the form of a oinjle su-^^^sinej 
action formulation . 
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